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(54) Method and apparatus for controlling the thermal profOe of sMn 

(57) A method is provided for cooling sldn during 
irradiation treatment indudtng thermally coupling a win- 
dow (12) to the sWn and actively ertracUng heat from 
the window. The window may be transparent to thera- 
peutic wavelengths transmitted to and through the win- 
dow and to the sMn below. An apparatus for theiapeutic 
treatment of sWn tissue is provided, Including a source 
(24) of electromagnetic radiatioa a window (12) trans- 
parent to the radiation coupled to the sldn being treated 
to remove heat from the skin, coolant fluid (16) coupled 
to the window to extract heat from the window, and a 
heat exchanger (22/40) thermally coupled to the coolant 
to remove themnal energy from the coolant 
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Description 

TTiis invention relates to a method and apparatus 
for contro(0ng the themial profSe of skfa More partteu- 
larly. it relates to a method of reducing the tenperature 
of an outer layer of sMn while the temperature of an 
inner layer of skin is elevated. 

Qectromagnetic radiation is used to treat a variety 
of sWn disorders, such as vascular and pigmented 
lesions, hair removal, sWn rejuvenation, psoriasis, 
among others. This radiation is typically appQed to the 
surface of the sMn from a variety of radiation sources, 
such as lasers that emit coherent Dght fiashlanps emit- 
ting incoherent Oght and microwave radiation sources, 
among others. Whatever the source of electromagnetic 
radiation. In order to provide treatment without damag-. 
ing the epidermis and surrounding tissue, careful con* 
sideralion must t>e given to the problem of maintaining 
the proper thennal profile in the sWn. 

For example, a method called selective photother- 
molysis uses selective absorption of pulses generated 
in the visible and near-visitjie ranges of electromagnetic 
spectrum to produce selective thermal Injury to the skbi. 
In this treatment the sfan is exposed to short pulses of 
electromagnetic radiation to heat tissue chromophores 
and blood vessels. Short pulses of intense radiation are 
necessary to transmit energy to the taiget tissue at a 
level that can damage the tissue before a can be cooled 
off. Since the cooling time for the epidemiis is typically 
around 9 mflliseoonds. the pulses mustprovWe extreme 
locaDzed heatina Repeated pUses of a few millisec- 
onds duration toOowed by delays of a few tens of mini- 
seconds provide optimal deep sidn heating whOe 
minimizing damage to outer sWn layers. By controfling 
the pulse width, pulse delay, energy per pulse, and the 
frequency of radiation appHed to the sWa the tenpera- 
ture distrttxjtion of the skin as a function of depth - the 
thermal profile of the skin « can be controlled to prevent 
damage to the sHn. while providing enough ftermal 
energy (or treatment. 

As the depth of the tissue to be treated increases, 
so does the need to cool the outer layers of skin to pre- 
vent injury. Therefore, when treating skin greater then 
one rniiUmeter deefx positive cooling of tfie epklemiis 
may be required. There are three basic methods 
employed to cool the epidermis: cooling using a layer of 
radiation transparent gel; cooRng using Ice cubes*; and 
cryogen spurt cooling. 

In the first of these nwthods. cooTing with a gel, a 
pre-cooled transparent gel is applied to the surface of 
the sWn to conduct heat away from the epidern^s Into 
the gel. This method is Grnited by its ability to reduce the 
epidemiis temperature by no more than about 20» Cel- 
sius. This Gmited ooofing may not be sufficient if the 
treatment includes intense heating. In additiorv it is 
cumbersome to apply the gel during treatment whBe 
simultaneously inadiating the sWn. A further drawback 
Is the passive nature of the cooOng: heat is extracted 
from the skin into a precooled material in contact with 



the skin that heats up as the skfn cools down. As ther- 
mal energy Is conducted Into the gel from the skin, the 
gel heats up until it reaches a terrperature near body 
temperatur& No method is provided to actively extract 
s heat from the gel itself thereby matntaming it at a low 
temperature. 

The secorxJ of these methods, cooling using Tee 
cubes', involves placing thin transparent ice cubes, 
approximatefy 5-7 millimeters thick, in contact with the 
10 skia Applying the ice cubes and maintaining the proper 
contact with the skin is also cumbersome and (fifficuft 
Timing the cooling relative to the radiation pulses Is also 
dtfr^ to control. This method, too. is passive, since 
the heat transfer Is limited to the thennal capacity of the 
IS ice itseff. No means for actively extracting heat from the 
tee in contact with the skin is provkfed. 

The third method, cryogen spurt cooling. Involves 
spraying the surface of the skin being treated with a 
refrigerant, such as R-12, that evaporates at room tem- 
20 perature and pressure. The refrigerant is sprayed on the 
epidermis h pulses that typically vary between S and 80 
miirtseconds in duration. These pulses cool a surface 
area of skin of about seven millimeters in width. Since 
this method involves spraying a pressurized liquid cool- 
ss ant on the skin, the timing of cooling with respect to 
treatment irradiation Is more controllable than the fbre- 
going methods. A further advantage is the amount of 
cooOng possible using this method; commonly used 
refrigerants can cool the epidermis as much as 40* Cel- 
30 sius. Drawbacks to this method frvdude difficulty in corv 
troinng the amount of cooCng. the inabaity to cod more 
than a smaH area of skin, and the difTiciAy in property 
aligning the cooBng and heating mechanisms. 

The foregoing DIustrates the need for a new method 
35 Of cooling the sWn that is more convenient provides bet- 
ter control of temperature and timing, and is capable of 
cooGng a larger surface area of skin. 

The present invention is directed to a method of 
cooling skin as protection against thermal damage dur- 
40 ing radiation treatment and Includes the steps of ther- 
mally coupPng a window to the skin, and actively 
extracting heat from the wirxtow. To extract heat a cool- 
ant fluid can be thermally coupled to the window and its 
heat may be conducted into the coolant fluid. The flukt 
45 in turn, may be conducted away from the window tjy a 
pumpL for example, and its ffow m^ be regulated bf a 
valve. Thermal energy may be removed from the cool- 
ant fliid, such as t>y coipGng the fluid to a heat 
exchanger, for example, a themwelectric cooler. Skin 
50 temperature can be nxjnitored. such as by transmitting 
infrared radiation from the skin through the window, 
then electronically sensing this radiation. A thermally 
conductive gel may be bTterposed between the sWn and 
ttie window, the window pressed against the sWn, and a 
55 portion of ttie gel extnxled from between me window 
and the skin. This gel may be a water-based ttiermally 
conductive gel. and may contain antifreeze. 

The present invention is also directed to a method 
for controlling the depth-wise temperature distraxrtion of 
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ekfn tisGue by thermally coupling skfn tissue to a window 
that Is transparent to therapeutic wavelengths of efec- 
tromagnetic radiation, applying therapeutic wavelengths 
of radiation to the window, transmitting the wavelengths 
through the window, and applyfng the wavelengths to $ 
the sidn tissue. The method may also include extracting 
thermal energy from the skin tissue by oooOng the win- 
dov a predetenraned period before the radiation is 
appOed to and transmitted through the window and 
applied to the stdn. 

In addrtioa the present invention is directed to an 
apparatus for therapeutic treatment of skin tissue 
including a source of therapeutic radiation, a window 
transparent to the radiation, coolant fluid thermally cou- 
pled to the window and adapted to remove thermal rs 
energy from the window, and a heat exchanger ther- 
mally coupled to the coolant to remove thermal energy 
from the coolant The window may have a crystalline 
structure, such as sapphire or quartz. It may be a syn- 
thetic sapphire. It preferably transmits radiation in the 20 
0.3 to 4.5 micron band of radiation. The window/s ther- 
mal conductivity is preferable at least 10 W/m-C. More 
preferable it is at feast 25 WAn-C. Most preferable it is 
at least 40 WAn-C. A conduit may be thermafly coupled 
to the window and adapted to convey the coolant orto 25 
thermal contact with the wnxlow. The coolant flow may 
be regulated, such as by a vah/e. A coolant moving ele- 
ment may be provided to prapel the coolant through the 
conduit, such as a pumpi The radiation source may emfl 
incoherent electromagnelic radiation, such as a flash- 30 
tan^ or may emit coherent radiation, such as a laser. 
The coolant may t>e thermaDy coupled along a lateral 
edge of the window. The window its^ may transfrtt the 
coolant fluid, and may transmit fluid through the radia- 
tion path. The present invention may include a heat ss 
exchanger thermally coupled to the window to remove 
thermal energy from the window, and cooling fluid cou- 
pled to the heat exchanger to remove heat from the heat 
excfianger. The heat exchanger may be a thermoelec- 
tric cooler, and the coolant fluid may be air or a liquid. If 40 
the coolant f Md is a liquid, it is preferable maintained fn 
thermal contact with the heat exchanger by a rtquid con- 
duit 

The presem invention will now be described further 
hera*nafter, by way of example only, with reference to 4S 
the accompanying drawings; in wWch:- 

RGURE 1 is an illustration of an apparatus for cool- 
ing epidermis; 

FIGURE 2 is a cross-sectional view of a device for 50 
the treatment of lesior^ Including the apparatus of 
FIGURE 1 themnally coupled to the sWn at a treat- 
ment site; 

FIGURE 3 is a cross-sectional view of a window 
with a thermally coupled heat exchanger and heat 55 
sink; and 

RGURE 4 is a cross-sectional view of a window 
with a thermally coupled heat exchanger and Qquid 
conduit 



Before explaining at least one embodiment of the 
invention in detaa it is to be understood that the inven- 
tion is not limited in its application to the details of con- 
struction and the anrangement of the components set 
forth bi the following description or illustrated in the 
drawings. The invention is capable of dher embed- 
ments or being practiced or carried out in various ways. 
Alsa it is to be understood that the phraseology and ter- 
minology employed herein Is for the purpose of descrip- 
tion and should not be regarded as Gmiting. 

The present Invention is directed to a method and 
apparatus for cooGng sktn during electromagnetic In^adi- 
ation treatments^ Regarding FIGURE 1, a cooTmg sys- 
tem 10 includes a transparent window 12 thermally 
coupled to a oooGng channel 14. Cooling channel 14 
contains a coolant 16« which Is propelled through chan- 
nel 14 by coolant pump 18, and Is also regulated in its 
flow by coolant valve 20. A heat exchanger 22 is pro- 
vided to regulate the temperature of coolant 16. 

The transparent window serves two primary pur- 
poses in ttie present invention: conducting heat away 
from the skin, and transmitting electromagnetic radia- 
tion from a radiation source (not shown) to the sWn tor 
treatment ft is transparenT in the sense that it allows 
desired tfierapeutic wavelengths of electromagnetic 
radiation to substantially pass from tiie radiation source 
to the area of sfdn being treated To provide* superior 
heat conc&jcSon and high radiation transmissivity. win- 
dow 12 has a thermal conductrvfty of at least 1 0 WAn^C 
is preferred to provide the necessary cooling capacity 
for typical apprtcafions. A materiaf ha^ a thermal con- 
ductivity of at least 25 WAn**C (such as synthetic sap- 
phire) is more preferred. Several commonly available 
crystalline materials such as quartz or sapphire provide 
even better coding, and have thermal conductivities of 
around 40-45 WAn-a From a technical perspective, 
the best window material currently known is diamond, 
which fias a thermal conductivity of around 900 
WAn**C. Diamond windows are currentiy impractical 
due to cost however. 

Sapphire's applicabirtty is enhanced by its relative 
transparence to radation in a band extending from 0.3 
to 4.5 nm, enabling its use wfth a variety of coherent and 
incoherent radiation sources. The operation of a sap- 
phire window is highly eTiciem. f^r example, a sapphire 
window measuring 35 mm by 8 mm and havir^ a 5 mm 
tiiickness can be cooled to 0» Celsius from room tem- 
perature in less than 20 seconds, so tfiat its tempera- 
ture distribution will be highly uniforra 

Cooling channel 14 is designed to contain coolant 
16 and to ttiemiatly couple it to window 12. thus aHowing 
heat transmitted from tiie skin to the w'ndow to be trans- 
ten-ed into the coolant tor removal from ttie treatment 
site. In the prefen'ed embodiment and as shown \n FIG- 
URE 1. cooRng channel 14 is formed along a lateral 
edge of window 12. Alternatively, cooRng channel 14 
may be Negrafly fomried wftivn window 12 itselt If a 
portioh of cooling channel 14 passes through window 
12 and coolant 16 is transparent to tiie therapeutic radl- 
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ation, therapeutic radiation can t>e directed througti txith 
window 12 and coolant 1 6 to Irradiate the treatment site. 

Coolant 16 typically Includes a high heat capacity 
fluid such as water. In this emt>odimenti it removes heat 
from the sMn by conduction from the window. To transfer 5 
thermal energy from the treatment site to the window, 
the window must t>e maintained at a temperature t>elow 
that of the treatment site. Tb transfer thermal energy 
from the windtMr to the coolant the coolant must be 
maintained at a temperature below that of the window. io 
To stgnificantly limit damage to the skin during treat* 
ment. the treated sidn should preferataly be cooled to a 
temperature at or near the freezing point of water. To 
provide a temperature tNs tow. the coolant must renudn 
fluid at a temperature of 0* CelsHis or below. Thus the is 
coolant preferably includes an antifreeze. If the coolant 
is conducted through channels in the window itself, 
rather than along the lateral edges of . the window, ft 
should preferably be transparent to radiation In the band 
of therapeutic wavelengths. 20 

Coolant punp 16 is provided to pump coolant 16 
through cooltng channel 14 In the direction of the aaows 
shown in RGURE 1. and valve 20 regulates the flow of 
coolant through the cooltng channel. Cooling can be 
controlled by regulating the output of the pump; typicaUy 25 
by regulating pump speed or capacity, regulafing the 
amount of flow restriction provided by the cooGng valve 
or regUating both the pump and the coo&ng vah/e stmut- 
taneously Preferred pumps include reciprocating, cen- 
trifugal and peristaltic pumpSL 30 

In the preferred embodment heat exchanger 22 Is 
provided to transfer heat energy to a secondary cooling 
fluid such as air or water. The heat exchanger niuslrated 
here is a thermoelectric cooler wNch. due to Its rela- 
tively small size and low power consumption, is parlicu- 35 
larty suited to removing heat energy from the coolant tn 
this errtxxfiment the coolant Is in aclosed loop, picking 
up heat at the window and releasing heat In the heat 
exchanger. By regulating the cunent flowing through the 
thermoelectric cooler (which Is produced In the embod- 40 
led heat exchanger by application of a voltage to its ter- 
minals labeled V and '-^ the amount of heat extracted 
from the coolant can be varied, tn an alternative emtx)d- 
iment. rather than providing a closed loop for the pri- 
mary coolant an large resenroir of chilled coolant can 45 
be provided to cool the skin. In this altematrve embodi- 
ment, the heat exchanger would be replaced with a 
large precooled reservoir or tank of coolant Fluid wouU 
be pumped out of this reservoir and through the window. 

FIQURE 2 (fisctoses another ennbodiment of the so 
invention Including a radiation source 24 for emitting 
electromagnetk; radiatba a rgflector 26 for reflecting 
the radiation towaid a treatment site 28. a light guide 30 
for directing and transmitting the radiation toward treat- 
ment she 28. a radiation f Dter 32 for restricting frie radi- ss 
ation transmitted to therapeutic t>arKls of freQuend^ 
window 12 for transmitting the therapeutic wavelengths 
toward treatment site 28 wfule simultaneously corvluct- 
ing thermal energy from the skin, a gel 34 for transmit- 



ting the therapeutic radiation wavelengths while 
simultaneously conducting thermal energy from ttie skin 
to window 1 2. a radiation sensor 36 for sensing the tem- 
perature of treatment site 28, cooling ctiahnels 14 and 
pressure sensor 3a The patti of therapeutic radiation 
erratted from radiatkxi source 24 to the treatment site is 
shown schematically as dashed Ones. Coolant passing 
through the cooling channels can be conveyed, control- 
led and cooled In a manner similar to that disclosed In 
FIQURE 1 and the accompariying teoet 

Radiation source 24 provides pulsed electromag- 
netic radiation including therapeutic wavelengths of 
radatioa In this embodiment radation source 24 is a 
flash taiTtp that emits incoherent radiation in a broad 
spectrum. Alternatrvety, a radiation source capable of 
providing coherent radiation, such as a laser radiation 
source, may also be effectively enployed. 

Reflector 26 is preferably poTished metal, for exam- 
ple polished aluminuni, to reflect at least the radiation In 
therapeutic wavelengths. 

Light gtdde 32 is employed to gather and direct radi- 
ation from tiie radiation source to treatment site 28. Typ- 
ically an optical fiber is enployed for radiating relatively 
small treatment sites, and a quartz light guide is 
employed for radiating larger treatment sites. 

Radiation filter 32 is employed to fitter out unwanted 
wavelengti)s of radiation, typlcafly wavelengths ttiat are 
harmful to the skia such as radiation in tfie ultraviolet 
spectrum. One or more fitters may be employed to 
transmit a band of wavelengths ^ are tailaed to pen- 
etrate the skin to a predetemnined deptit 

A gel 34 may be disposed between the surface of 
the skin and the window, thermally coupled to both, to 
pn3vide better transmisston of therapeutic wavelengths 
by redudng backscatter off the surface of the window in 
proximity to the skin and to provkfe n«re effective con- 
duction of thermal energy from the skin to the window 
by eliminating pockets of air that may remain between 
skin at the treatment site and window 12. Skfn at the 
treatment she is often rough and uneven. Consequentty. 
pockets of air (not shown) may remain between window 
12 and skin at the treatment site preventing good ther- 
mal contact when window 12 Is pressed against the 
skin. Heating and cooling may be uneven and unpre- 
dictable. A wetting agent such as gel 34. when appHed 
between vwndow 12 and sHn at the treatment site, fills 
surface imperfections on the skbi. and aOows air to t>e 
expelled when window 12 Is pressed against the sIdn. 
Water-containing gels are particutarty effective due to 
their relatively high thermal conductivity, th^ abSity to 
wet both the treatment site and the window, and their 
ability to transmit a wide range of therapeutic radiation 
wavelengths. In use, a gel Is applied to tfie window or 
the skin In quantities greater than that needed to f m the 
surface imperfections, then the window Is brought into 
contact with the skin. As pressure te applied to the win- 
dow, excess gel (along wttti entrained air) is squeezed 
out along the sides of the window, providing a ttiin. ther- 
mally conductive layer of gel between the window and 
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the treatment site. 

Radiation sensor 36 may be employed to produce a 
signal indicative of the degree of skin heating or ooo&ng. 
A sensor responsive to infrared wavelengths of Dght 
emitted by skin at the treatment site is particutarty wen b 
suited to thb application. The window is preferably ori- 
ented between the sensor and the treatment area to 
pass thermal radiation emitted from the skin to the sen- 
sor. Radiation sensors that are responsive to radiation 
in the 2 to 5 nkfon band are particularfy sutable for ro 
measuring radiation emitted from the slon. 

Cooling channels U may be employed as 
desabed above in accordance with the description in 
accompanying FIGURE 1. 

In order to achieve good thermal contact with the r5 
skin surface, it is preferatjte to apply and maintain pres* 
sure on the window against the treatment sita Pressure 
sensor 38 is disposed to sense this pressure. In this 
embodiment, it is fixed with respect to the window. Since 
the pressure smor indicates contact between the win- so 
dow and the treatment site, it can be monitored to indi- 
cate the onset of skin cooTtng and thus to control a delay 
ftf desired) between cooling and generation of the ther- 
apeutk; radiation. For example, epidermis at a 50 
micron depth can be cooled from 32" Celsius to 6* Cel- 25 
slus in 1 second. By delaying the Dght pulse for 1 sec- 
ond after cooling initiation, stgnrtcant damage to the 
epidennis layer can be avoided. Window tenperature is 
also a factor in determining the light pulse delay. For 
example, if the window is cooled to -15^ Cetstus before so 
it is applied to the skin, the time to cool the epidermis at 
a depth of 100 microns Is reduced to 0.1 seconds. By 
monitoring the pressure sensor, and controOing the tem- 
perature of the window, optimal cooTing can be pro- 
vided, ss 

FIGURE 3 disctoses a cross-sectional view of win- 
dow 12. thermally coupled to heat exchanger 40. with 
attached heat sink 42. A fan 44 Is provided to blow air 
across heat sink 42. In ttte embodiment. tnlScs the 
embodinoent show in FIGURES 1 and 2. heat 40 
exchanger 40 (here shown as a thermoelectrfc coder) 
is thennally coupled to window 12 directly, eTtfninating 
the intermediate coolant shown in RGURE 1 and indi- 
cated in RGURE 2. This apparatus is preferred when a 
quick response is required and it is possible to apply a 45 
targe window to the treatment site. By thermally cou- 
pOng heat exchanger 40 directly to window 12. it can 
cool the window directly. In comparison, the apparatus 
disclosed in FIGURE 1 allows heat exchanger 22 to 
cool the window by first chining coolant 16. which in turn so 
cods window 12. In such an embodim&it. both the 
mass of coolant 16 and the mass of window 12 must be 
chmed to a temperature below the desired skin temper- 
ature to effect cooling to that temperature. By placing 
heat exchanger 40 in direct thermal contact with the 55 
window 1 2. only the mass of the window need be cooled 
to a temperature below the desired skin temperature to 
effect cooling to that temperature. This direct cotpling 
allows nrxjre rapW window cooling and more precise 



control of sMn temperature. This Improved cooOng and 
control, in turn, provides for more rapid cycOng of Ihe 
radiation source (shown in FIGURE 2) and shorter 
treatments. Heat exchanger 40 Is preferably controDed 
similarty to the heal exchanger of FIGURE 1 . 

To provkJe more rapid cooDng and to increase the 
efftdency of heat exchanger 40, it may be thermaOy 
coupled to heat sink 42. A preferred material for the 
heat sink is aluminum ot anotfier high conductivity 
metal Fms may t>e provided on heat sink 42 to enhance 
coding. 

Fan 44 may also be employed to inaease the air 
fbw about heat exchanger 40 to transfer heat away from 
the hot sUe of heat exchanger 40 or the ftns of heat sink 
42. 

Since typical heat exchangers are not transparent 
to the common wavelengths d therapeutic radiation 
used Ibr treatment, the heat exchanger or exchangers 
are preferably thermally coupled to the window along its 
lateral edges, thereby providing a path for ttie therapeu- 
tic racfiation to reach the treatment site. Alternatively, a 
window larger than the treatment site can be provtied, 
and the heat exchanger or exchangers can be coupled 
to an upper surface of the window acljacent ta but not 
obstructing, the path of tfie therapeutic radiation that 
passes through the window and in^pinges ipon the skia 

RGURE 4 discloses an alternative embodiment of 
window 12 and thermany coupled heat exchanger 40 
simnar to that of FIGURE 3. In the RGURE 4 embodi- 
ment, fluid coolant ffow (such as coolant 16, above) 
through coding channel 46 removes heat from heat 
exchanger 40. Coding channd 46 is tftermally coupled 
to heat exchanger 40 to remove thermal energy fmm 
heat exchanger 40. The coolant may be drawn from an 
external reservoir of fluid. Heat exchanger 40 in this 
emtMxfiment is a thermodectrfo coder capable of 
pumping heat from a cod side to a hot side d the 
device. Since heat is oumoed from window 12 to coding 
channel 46. the cootarrt in coding cftannel 46 need not 
be maintained at a ten^}erature below the target tem- 
perature of the sMa as is the case in the FIGURE 1 
errbocfiment Thus, sources of codant fluid warmer 
than that used in the FIGURE 1 embodiment, such as a 
cold water tap, may be sufficient for many applications. 

In an alternative embedment, the window 12. heat 
exchanger 40 and coding channd 46 of the RGURE 4 
derice can replace the window 12 and coding channel 
14 of the FIGURE 1 device, thereby providing a system 
with tfis heat exchangers and an intermediate codant 
This will provide superior temperature contrd and a 
faster coding response time than that provided by the 
FIGURE 1 or FIGURE 4 embodiments alone. 

Thus, it shouM be apparent that there has been 
provided in accordance wHh the present invention a 
method and apparatus for coding skin and the selective 
heating of lesfons that fuOy satisfies the objectives and 
advantages set forth abo^ Although the Invention has 
been described in conjunction with specifc embod- 
ments thereof, it is evkJent that many alternatives, mod- 
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ifications and variations will be apparent to those skOted 
tn the art Accordingly, it is intended to entoce all such 
attematrves. nxxfrfications and variations that M within 
the spirit and iMoad scope of the appended dalms. 

Claims 

1. A method of coofing sKin to protect said skin from 
thermal damage during irradiation treatment ushg 
therapeutic tiands of electromagnetic radiation 
characterised by the steps of: 

thermally coupling a whdow (12) to said sWn, 
actively extracting heat from sakl window. 

2. A method as daimed in claim 1. wherein the step of 
actively extracting heat from said window Includes 
the steps of: 

thermally coupling a coolant fluid (16) to said 
window; 

conducting heat from said window to said cool- 
ant flukf; and 

conducting said coolant fluid away from said 
window after said step of conducting heat from 
said window to said coolant fluid. 

X A method as claimed in claim 2. further comprisirtg 
the step of: 

removing thermal energy from said coolant 
fluid. 

4. A method as daimed in claim 3. wherein the step of 
removing thermal energy from said coolant fhnd fur* 
ther includes the step of thermally coupling said 
coolam fluid to a heat exchanger. 

. 5. A method as claimed in any one of claims 1 to 4, 
further comprising the step of monitoring the tem- 
perature of said sida 

6. A method as claimed in claim 5, wherein the step of 
monitoring further comprises the steps of: 

transmitting radiation emitted by the sidn 
through sakf window; 

electronically sensing said erratted radiation, 
wherein the step of transmitting radiation 
occurs before said step of electronically serts- 
Ing. 

7. A method as claimed in any one of daims 1 to 6 
wherein the step of thermally coupOng a window to 
the skin includes the step of: 

Herposing a thennally conductive gel (34) 
between said window and sakl sMn. 



8. An apparatus for therapeutic treatment of skin tis- 
sue comprising: 

a source (24) of therapeutic electromagnetic 
5 radiation having a path of radiation; 

a window (12) transparent to sakl therapeutic 
radiation and intersecting said path of radia- 
tion; and a means (14,16J22.40) tor actively 
extracting thermal energy from esid window. 

10 

9. An apparatus as daimed in claim 8» wherein said 
means for adively extracting heat from said window 
conprises: 

IS coolant fluid (1 6) thermaHy coupled to said win- 

dow and adapted to remove thermal energy 
from sakJ wirKk3w; 

a heat exchanger (22) thermally coupled to 
said coolant f Md and adapted to renmve ther- 
20 mal energy from said codarrt f lukJ; and 

a conduit (14) thermally coipled to saU win- 
dow and adapted to convey said codant fkiU 
into thermal contact with said window 

25 ia An apparatus as claimed in daim 9 further compris- 
ing a coolant flow regulating means (20) in fluU 
communication with said conduit to regulate the 
fk3w of said codant fluid. 

30 11. An apparatus as daimed in any one of daims 9 or 
10. wherein the coolant fhnd rs themnaOy coupled to 
the window ak>ng a lateral edge of the window. 

12. An apparatus as claimed in any one of daims 9 or 
35 10. wherein ttie window is adapted to transmS the 
coolant fluid. 

13L An apparatus as claimed h daim 12. wherein the 
window is adapted to transmit coolarrt ftuU through 
40 the radlatton path. 

14. An apparatus as daimed in claim 8 or arty one of 
daims 10 to 13 when appendant to daim 6. wherein 
said mearts for actively extracting heat from sakl 

45 window indudes: 

a heat exchanger (22) thermaBy coupled to 
said window and adapted to remove thermal 
energy from saU window; and 
50 coolamfIukJ(16)thermaQycotpIedtosakJheat 
exchanger and adapted to remove thermal 
energy from sakl heat exchanger. 

15. An apparatus as claimed in any one of daims 8 to 
55 14, wherein eakJ window has a thermal conductivity 

of at least 10W/m**a 
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